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,QWURGXFWLRQ
$OWKRXJK HQJLQHHUV EXLOG ODUJH FRPSOH[ V\VWHPV WRGD\ WKHLU GHVLJQ DQG UHDOL]DWLRQ LV RIWHQ ZURXJKW ZLWK
VHWEDFNV WKDW VWUDLQ UHVRXUFHV WR WKHLU OLPLWV RU UHVXOW LQ GHVLJQV WKDW IDOO VKRUW RI ZKDW LV SRVVLEOH  6\VWHPV
HQJLQHHULQJUHVHDUFKLVWDVNHGZLWKPLWLJDWLQJVXFKVHWEDFNVE\VWXG\LQJWKHZD\LQZKLFKV\VWHPVDUHGHVLJQHGDQG
PDQDJHGWKHQFUHDWLQJPHWKRGVWRVXSSRUWDQGSURPRWHEHVWSUDFWLFHV$VV\VWHPVHQJLQHHULQJLVODUJHO\DKXPDQ
GULYHQ SURFHVV VHWEDFNV DUH ODUJHO\ KXPDQGULYHQ DV ZHOO DQG PHWKRGV VKRXOG EH UHVLOLHQW DJDLQVW WKH KXPDQ
FRPSRQHQW  $W SUHVHQW V\VWHPV HQJLQHHULQJ UHVHDUFK ODFNV WKH NLQG RI IRXQGDWLRQDO NQRZOHGJH UHTXLUHG WR
HYDOXDWHG FDQGLGDWHPHWKRGV DQG WRROV HIIHFWLYHO\ LQ WKLV UHJDUG  ,Q SDUWLFXODU WKHUH H[LVWV QR VRXQG WKHRU\ E\
ZKLFKRQHFDQFRPSDUHPHWKRGV
$GYDQFHVLQV\VWHPVHQJLQHHULQJDUHSULPDULO\GULYHQWKURXJKWKUHHUHVHDUFKDSSURDFKHVQRUPDWLYHUHVHDUFK
GHVFULSWLYH UHVHDUFKDQGSUHVFULSWLYH UHVHDUFK 7KHQRUPDWLYHDSSURDFKVWXGLHVZKDWHQJLQHHUVshouldGR
DFFRUGLQJWRDFFHSWHGQRUPVDQGWKHRULHVVXFKDVUDWLRQDOLW\EXWFDQPDNHDVVXPSWLRQVRQKXPDQEHKDYLRU7KH
GHVFULSWLYHDSSURDFKRQWKHRWKHUKDQGPDNHVOLWWOHDVVXPSWLRQVRQKXPDQEHKDYLRUDVWKLVDSSURDFKREVHUYHVDQG
VWXGLHV ZKDW HQJLQHHUV actually GR EXW ODFNV DQ H[SODQDWRU\ SRZHU  7KH SUHVFULSWLYH DSSURDFK UHFRPPHQGV
SUDFWLFHV SURFHGXUHV DQG SURFHVVHV WR EH IROORZHG E\ V\VWHPV HQJLQHHUV  7KLV UHSUHVHQWV DPDMRULW\ RI FXUUHQW
V\VWHPVHQJLQHHULQJUHVHDUFK3UHVFULSWLYHUHVHDUFKFDQVXSSRUWFODLPVWKDWFDQEHGLIILFXOWWRJHQHUDOL]HDQGOLWWOH
LQVLJKWLVSURYLGHGWRWKHIXQGDPHQWDOXQGHUVWDQGLQJRIV\VWHPVHQJLQHHULQJ
7KHSUREOHPZLWKV\VWHPVHQJLQHHULQJUHVHDUFKLVWZRIROGWKHUHLVDQRYHUUHOLDQFHRQSUHVFULSWLYHUHVHDUFK
WKDWSURYLGHVQRJHQHUDOXQGHUVWDQGLQJRIV\VWHPVHQJLQHHULQJDQGWKHUHH[LVWVDGLVFRQQHFWEHWZHHQQRUPDWLYH
DQGGHVFULSWLYHUHVHDUFK7KHILUVWSUREOHPFDQEHPLWLJDWHGE\VROYLQJWKHVHFRQG:KHUHQRUPDWLYHUHVHDUFKFDQ
SURYLGH D PDWKHPDWLFDO EDFNERQH IRU XQGHUVWDQGLQJ V\VWHPV HQJLQHHULQJ GHVFULSWLYH UHVHDUFK FDQ UHYHDO ZKDW
DFWXDOO\UHVXOWVLQDVFHQDULR+RZHYHUH[LVWLQJUHVXOWVIURPFRJQLWLYHVRFLDODQGFOLQLFDOSV\FKRORJ\OLWHUDWXUHDUH
RI OLPLWHG GLUHFW XVH IRU XQGHUVWDQGLQJ V\VWHPV HQJLQHHULQJ DV H[SHULPHQWDO VFHQDULRV DUH QRW QHFHVVDULO\
UHSUHVHQWDWLYHRIV\VWHPVVFHQDULRVDQGWKHH[SHULPHQWDOVXEMHFWVPD\EHSRRUDQDORJVIRUSUDFWLFLQJHQJLQHHUV
7KLVSDSHUSURSRVHVD UHVHDUFK IUDPHZRUN WKDWFRPELQHVQRUPDWLYHDQGGHVFULSWLYH UHVHDUFKDSSURDFKHV 7KH
UHVHDUFK IUDPHZRUN LV DLPHG DW  GLVFRYHULQJ EHKDYLRUDO UHJXODULWLHV LQ HQJLQHHULQJ GHFLVLRQ PDNHUV DQG 
VWUHVVLQJQHZFODLPVDJDLQVWQRUPDWLYHDQGDFWXDOGHFLVLRQPDNHUV7KLVIUDPHZRUNLVEXLOWXSRQFRPSXWHUHQDEOHG
VHULRXVJDPLQJDVDPHFKDQLVPIRUHPSLULFDOVWXG\DVJDPHVDOORZUHVHDUFKHUVWRFRQVWUXFWDZLGHDUUD\RIFRPSOH[
VFHQDULRV 6HULRXVJDPLQJLV WKHSUDFWLFHRIXVLQJJDPHVIRUSXUSRVHVEH\RQGHQWHUWDLQPHQW 7KHXVHRIYLUWXDO
ZRUOGV DQG KXPDQLQWKHORRS VLPXODWLRQ DUH DOUHDG\ XVHG LQ HQJLQHHULQJ UHVHDUFK WKH XVH RI JDPLQJ LV DQ
H[WHQVLRQRIWKLVWUHQG
6HULRXVJDPLQJLVSURPLQHQWLQWKHGRPDLQRIHGXFDWLRQDQGWUDLQLQJEXWKDVEHHQVSDUVHO\XVHGDVDUHVHDUFK
WRROWKHUHIRUHLWVHIIHFWLYHQHVVLVQRWUHDGLO\NQRZQ7RJDLQLQVLJKWLQWRWKHYLDELOLW\RIWKHIUDPHZRUNGHVFULEHG
LQWKHQH[WVHFWLRQDJDPHLVGHVLJQHGWRDVVHVVWKHVXQNFRVWHIIHFWLQHQJLQHHUV6HFWLRQLOOXVWUDWHVWKHIUDPHZRUN
WKRXJK WKLV JDPH DQG FRPSDUHV SUHOLPLQDU\ JDPHSOD\ UHVXOWV ZLWK UHVXOWV IRXQG LQ WKH OLWHUDWXUH  6HFWLRQ 
GLVFXVVHVWKHEHQHILWVDQGSRWHQWLDOSLWIDOOVRIWKHIUDPHZRUNDQGFRQFOXGHVZLWKDSDWKIRUZDUG
5HVHDUFK)UDPHZRUN
$VZLWK DQ\ UHVHDUFKPHWKRG VWXG\ REMHFWLYHVPXVW EH GHILQHG VXFK WKDW DOO RWKHU DFWLYLWLHV FRPSOHPHQW WKH
REMHFWLYHVVLQFHWKLVDFWLYLW\LVJHQHUDOWRDOOUHVHDUFKPHWKRGVLWLVQRWGLVFXVVHGKHUH7KHSURSRVHGIUDPHZRUN
KDV IRXUEDVLFDFWLYLWLHV WRFRPSOHPHQW VWXG\REMHFWLYHV  VFHQDULRDEVWUDFWLRQ JDPHGHVLJQ QRUPDWLYH
DQDO\VLV DQGJDPHSOD\DQDO\VLV 7KHSURFHVV LQYROYLQJ WKHVHDFWLYLWLHV LV VKRZQ LQ)LJ 7KHVH UHPDLQLQJ
DFWLYLWLHVDUHIXUWKHUGLVFXVVHGLQWKHUHPDLQGHURIWKLVVHFWLRQ
2.1. Modeling decisions 
0RGHOLQJ GHFLVLRQV DQG GHFLVLRQ PDNHU LQWHUDFWLRQ DUH ZHOOVWXGLHG WRSLFV  7KLV VHFWLRQ ZLOO RQO\ EULHIO\
VXPPDUL]HUHSUHVHQWLQJGHFLVLRQVPDWKHPDWLFDOO\'HFLVLRQVDUHGHILQHGPDWKHPDWLFDOO\E\WKHVHWRIDYDLODEOH
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
)LJXUH&RQFHSWXDOPRGHORIWKHSURFHVVHVLQYROYHGLQWKHSURSRVHGUHVHDUFKIUDPHZRUN
DFWLRQVWRDGHFLVLRQPDNHU[WKHLURXWFRPHV]DQGWKHGHFLVLRQPDNHU¶VSUHIHUHQFHVIRUWKRVHRXWFRPHV$FWLRQV
DUHPDSSHG WR RXWFRPH VSDFH WKURXJK D VHW RI EHKDYLRUDO IXQFWLRQV ]   IxZKHUH x[ .  7KH YRQ1HXPDQQ
0RUJHQVWHUQ Y10 XWLOLW\ WKHRUHP GHILQHV D PDWKHPDWLFDO IXQFWLRQ uā WKDW UHSUHVHQWV D GHFLVLRQ PDNHU¶V
SUHIHUHQFH WRZDUGV D JLYHQ RXWFRPH  2XWFRPHV WR DFWLRQV DUH QRW QHFHVVDULO\ FHUWDLQ  'HFLVLRQPDNHUV IRUP
EHOLHIVDVWRWKHOLNHOLKRRGRIHDFKRXWFRPHUHVXOWLQJIURPDQDFWLRQWKHVHEHOLHIVDUHUHSUHVHQWHGDVSUREDELOLWLHV
7KHUHIRUH DFWLRQV OHDG WR DQ H[SHFWHG XWLOLW\ (>uIx@  )RU D V\VWHPZLWK D VLQJOH GHFLVLRQPDNHU WKH WKUHH
GHVFULEHGHOHPHQWVDQGSUREDELOLWLHVRIXQFHUWDLQRXWFRPHVDUHDOOWKDWLVQHHGHGWRGHILQHDGHFLVLRQ
,QDV\VWHPRIPXOWLSOHGHFLVLRQPDNHUVWKHLULQWHUDFWLRQPXVWDOVREHPRGHOHG'HFLVLRQVDUHLQWHUOLQNHGVXFK
WKDWWKHFKRLFHRIRQHGHFLVLRQPDNHUFDQDIIHFWDQRWKHU¶V'HFLVLRQVFDQRFFXUVHTXHQWLDOO\VLPXOWDQHRXVO\RULQD
FRPELQDWLRQRIWKHWZR,QWKHVHW\SHVRIVFHQDULRVGHFLVLRQPDNHUiKDVWKHLURZQVHWRIDFWLRQV[iRXWFRPHVDUH
SRWHQWLDOO\GHSHQGHQWRQ WKHDFWLRQVRIDOOSOD\HUV )XUWKHUPRUHHDFKGHFLVLRQPDNHU iKDVDXWLOLW\IXQFWLRQ WKDW
FDSWXUHVSUHIHUHQFHVRYHUWKHVHRXWFRPHVuiÂ
2.2. Game Design 
7KH JDPH GHVLJQ SURFHVV ODUJHO\ LQYROYHV OLQNLQJ PRGHO HOHPHQWV WR JDPH HOHPHQWV WKLV SURFHVV LV FDOOHG
JDPLILFDWLRQ DQG LV WKH IRFXV RI WKLV VHFWLRQ  7R VXPPDUL]H 6HFWLRQ  HOHPHQWV RI D GHFLVLRQPRGHO LQFOXGH
DYDLODEOH DFWLRQV RXWFRPHV SUHIHUHQFHV DQG GHFLVLRQ PDNHU G\QDPLFV GHFLVLRQ PDNHU G\QDPLFV DQG JDPH
G\QDPLFVDUHFRPSOHPHQWDU\DVJDPHPHFKDQLFVPXVWLQKHUHQWO\GHILQHSOD\HULQWHUDFWLRQSURWRFROVVROLWWOHLVVSHQW
GLVFXVVLQJ WKLV DVSHFW  +RZ HOHPHQWV DUH UHSUHVHQWHG LQJDPH LV GHSHQGHQW XSRQ WKH JDPH¶V VWRU\ DQG
LQIUDVWUXFWXUHKRZHYHUVRPHJHQHUDOL]DWLRQVFDQEHPDGHWRPRWLYDWHSOD\HUWREHFRPHLPPHUVHGLQJDPHSOD\
$YDLODEOHDFWLRQVLQ WKHGHFLVLRQPRGHODUHPDSSHGWRLQJDPHDFWLRQV 7KHVHDFWLRQVFDQEHWUDFNHGLQJDPH
DQGWKHQPDSSHGEDFNWRDFWLRQVLQWKHPRGHOIRUDQDO\VLV7UDGLWLRQDODFWLRQVLQFOXGHPRYLQJXVLQJSLFNLQJXS
VHOHFWLQJDQGDXWRPDWLQJ$FWLRQVDYDLODEOHLQPDNLQJDGHFLVLRQDUHQRWDOZD\VDFWLYHKDYLQJWKHRSWLRQWRGR
QRWKLQJ LV D UHDO SRVVLELOLW\ LQ HQJLQHHULQJGHFLVLRQPDNLQJ +RZHYHU LQDFWLRQ LV FRXQWHU LQWXLWLYH LQ D JDPLQJ
FRQWH[W EHFDXVH WKH SOD\HU FHDVHV WR LQWHUDFWZLWK WKH JDPH 7KHUHIRUH WKHSOD\HU KDV WREH VKRZQ WKDW GRLQJ
QRWKLQJ LVDQRSWLRQZLWKRXWFRPHV 5HFRUGLQJDSOD\HU¶Vdo nothingDFWLRQFDQEH WURXEOHVRPHVLQFH WKHSOD\HU
GRHVQRWQHFHVVDULO\WULJJHUWKLVDFWLRQZKDWLWPHDQVWRGRQRWKLQJVKRXOGEHH[SOLFLWO\GHILQHGLQWKHFRQWH[WRIWKH
JDPHVXFKWKDWDWULJJHUFDQEHVHWRIIDQGUHFRUGHGLHWKLUW\VHFRQGVRILQDFWLYLW\UHVXOWVLQDUHFRUGHGdo nothing
DFWLRQ
7KHGHFLVLRQPRGHOFRQQHFWVDFWLRQVZLWKRXWFRPHV/LNHZLVHLQJDPHDFWLRQVZLOORUDWOHDVWVKRXOGFKDQJH
WKHJDPH¶VRUSOD\HUV¶VWDWHV &RPPRQJDPHRXWFRPHVLQFOXGHWKHSOD\HUUHFHLYLQJRU ORVLQJLWHPVDQGDELOLWLHV
LWHPV RU WKH SOD\HU WDNLQJ RQ GLIIHUHQW DWWULEXWHV DQG WKH JDPHZRUOG H[SDQGLQJ RU FRQWUDFWLQJ $Q LVVXHZLWK
GHVLJQLQJJDPLQJRXWFRPHVLVWKDWWKH\DUHQRWQHFHVVDULO\NQRZQa prioriE\WKHSOD\HU:KHUHWKHGHFLVLRQPRGHO
DVVXPHV WKDW WKHGHFLVLRQPDNHUKDVVRPHNQRZOHGJHRIZKDWRXWFRPHVUHVXOW IURPDFWLRQV WKHSOD\HUHQWHUV WKH
JDPHNQRZLQJQRWKLQJ7KHUHIRUHWKHSOD\HUQHHGVWROHDUQKRZDFWLRQVDQGRXWFRPHVDUHFRQQHFWHG,QWURGXFLQJ
PHFKDQLFVLQDOHDUQLQJSHULRGDOORZVWKHSOD\HUWROHDUQZKDWDFWLRQVWKH\KDYHDQGKRZWKHVHDFWLRQVWUDQVODWHLQWR
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RXWFRPHV /HYHOV VKRXOG LQWURGXFHPHFKDQLFV VXFK WKDW WKHPHFKDQLFV DOUHDG\ OHDUQHG DUH UHLQIRUFHG DQGQHZ
PHFKDQLFVDUH LQWXLWLYHH[WHQVLRQV WRZKDWKDVEHHQ OHDUQHG 5HGXQGDQW OHYHOVRU OHYHOV WKDW LQWURGXFH WRRPXFK
WKURZWKHSOD\HUIURPD³IORZ]RQH´DQGFRQWULEXWHWRHLWKHUERUHGRPRUIUXVWUDWLRQ
$VSOD\HUVFRUUHODWHRXWFRPHVWRDFWLRQVWKURXJKJDPHSOD\SOD\HUVEXLOGSUHIHUHQFHVRYHUWKHVHRXWFRPHV7KH
GHFLVLRQPRGHOPDNHVDVVXPSWLRQVDV WR WKHSUHIHUHQFHVRI WKHGHFLVLRQPDNHUHJ WKHGHFLVLRQPDNHUSUHIHUV WR
PD[LPL]HDQDWWULEXWHYDOXH WKHSOD\HUZLOOPRVW OLNHO\QRWKDYH WKH VDPHSUHIHUHQFHVDV DVVXPHG LQ WKHPRGHO
+RZHYHU NQRZQ DQG FRPPRQ SOD\HU PRWLYDWLRQV FDQ EH XVHG WR PDNH WKH SOD\HU¶V SUHIHUHQFHV VWUDWHJLFDOO\
HTXLYDOHQWWRWKDWRIWKHSUHIHUHQFHVLQWKHGHFLVLRQPRGHO%DUWOHSURSRVHVIRXUSOD\HUDUFKHW\SHVEDVHGRQWKH
W\SHVRIRXWFRPHVSOD\HUV¶YDOXHPRVWZKLFKDUHVXPPDUL]HGLQ7DEOH:LWKWKHVHDUFKHW\SHVLQPLQGREMHFWLYHV
FDQEHIUDPHGVXFKWKDWWKH\DSSHDOWRSOD\HUVDQGWKXVSOD\HUSUHIHUHQFHVFDQEHDVVXPHGZKHQDQDO\]LQJUHVXOWV
*DPHDVVHVVPHQWLVDQDFWLYLW\LQYROYLQJUHVHDUFKHUVJDPHGHVLJQHUVDQGGRPDLQH[SHUWVWRMXGJHWKHGHJUHHWR
ZKLFKWKHJDPHUHSUHVHQWVWKHGHFLVLRQDQGLQWHUDFWLRQPRGHOVDQGWKXVWKHVFHQDULRXQGHUVWXG\([SHUWVLQFOXGH
ERWK HQJLQHHUV EULQJLQJ NQRZOHGJH RI GHVLJQ VFHQDULRV DQG SV\FKRORJLVWV EULQJLQJ NQRZOHGJH DV WR LVRODWH
EHKDYLRUDOSKHQRPHQD7KHIROORZLQJDVVHVVPHQWUHTXLUHPHQWVDUHDGDSWHGIURP5RELQVRQ
x Credibility²DSHUFHSWLRQRQEHKDOIRIWKHGRPDLQH[SHUWVWKDWWKHJDPHLVVXIILFLHQWO\DFFXUDWHIRUWKHSXUSRVH
DWKDQG
x Utility²DSHUFHSWLRQRQEHKDOIRIWKHJDPHGHVLJQHUVDQGUHVHDUFKHUVWKDWWKHJDPHLVXVHIXOLQWKHVSHFLILHG
FRQWH[W
x Feasibility²DSHUFHSWLRQRQEHKDOIRI WKHJDPHGHVLJQHUDQGUHVHDUFKHUV WKDW WKHJDPHFDQEHGHSOR\HGDQG
PDQDJHGZLWKWKHUHVRXUFHVDYDLODEOH
0HHWLQJWKHVHUHTXLUHPHQWVPHDQVWKHJDPHLVYLHZHGDVVXIILFLHQWWREHDEOHWRSURGXFHGDWDWKDWLVUHSUHVHQWDWLYH
RIUHDOZRUOGGHFLVLRQVDQGLQWHUDFWLRQV
7DEOH%DUWOHSOD\HUDUFKHW\SHV
$UFKHW\SH 'HVFULSWLRQ
$FKLHYHU $FKLHYHUVSUHIHUWRPD[LPL]HPHDVXUHVDQGLQGLFDWRUVRIVXFFHVV
([SORUHU ([SORUHUVSUHIHUWRPD[LPL]HNQRZOHGJHWKURXJKH[SORUDWLRQ
6RFLDOL]HU 6RFLDOL]HUVSUHIHU WRPD[LPL]HWKHVWUHQJWKDQGH[WHQGRIWKHLUVRFLDO
QHWZRUN
.LOOHU .LOOHUVSUHIHUWRPD[LPL]HWKHLUVWDQGLQJUHODWLYHWRRWKHUSOD\HUVERWK
DFWXDODQG$,SOD\HUV

2.3. Normative and Gameplay Analyses 
1RUPDWLYHDQGJDPHSOD\DQDO\VHVDUHFRPSOHPHQWDU\WRHDFKRWKHULQWKLVIUDPHZRUN1RUPDWLYHDQDO\VLVEDVHG
RQWKHY10UDWLRQDOLW\D[LRPVJLYHVLQVLJKWLQWRWKHFRQGLWLRQVQHFHVVDU\RUVXIILFLHQWIRUDGHFLVLRQPDNHUSOD\HU
WRFKRRVHDJLYHQDFWLRQ *DPHSOD\DQDO\VLVFDSWXUHV WKH UHVXOWVRISOD\HUV¶GHFLVLRQVDQGXVLQJVWDWLVWLFDO WRROV
GUDZVFRQFOXVLRQV&RPELQHGFRQFOXVLRQVFDQEHGUDZQRQWKHFRQGLWLRQVOHDGLQJWRWKHJDPHSOD\UHVXOWV
7KH LGHD RI Y10 UDWLRQDOLW\ WR DQDO\]H HQJLQHHULQJ SUREOHP LV QRW QHZ KDYLQJ EHHQ DGRSWHG E\ VHYHUDO
LQFOXGLQJ9LQFHQWDQG+D]HOULJJ WRQDPHDIHZ$VVWDWHGDERYHWKHY10XWLOLW\WKHRUHPSURYLGHVDXWLOLW\
IXQFWLRQDVDPDWKHPDWLFDOUHSUHVHQWDWLRQRIDGHFLVLRQPDNHU¶VSUHIHUHQFHV7KHWKHRUHPVWDWHVWKDWDQDFWLRQx
DVVRFLDWHGZLWKD ORWWHU\Lx LVSUHIHUUHGRYHUDQRWKHUDFWLRQxDVVRFLDWHGZLWKD ORWWHU\Lx LIDQGRQO\ LI
      Eu L x Eu L x!  1RUPDWLYHDQDO\VLV ILQGVWKHFRQGLWLRQVQHFHVVDULO\IRUD UDWLRQDOGHFLVLRQPDNHU WR
FKRRVHHDFKDOWHUQDWLYHDQGWKXVH[SODLQVZK\FHUWDLQJDPHSOD\UHVXOWVRFFXU
*DPHSOD\DQDO\VLVLVVLPLODUWRWUDGLWLRQDOHPSLULFDODQDO\VLVDVLWUHOLHVRQVWDWLVWLFDOWHVWVWRGUDZFRQFOXVLRQV
ZKLFKVWDWLVWLFDOWHVWWRXVHGHSHQGVRQZKDWK\SRWKHVHVDUHWREHWHVWHG+RZHYHUXVLQJWKHPDSSLQJIURPGHFLVLRQ
UHVXOWV WR FRQGLWLRQV IRU UDWLRQDOLW\ SURYLGHGE\QRUPDWLYH DQDO\VLV FRQFOXVLRQV FDQEHPDGHRQ WKH EHOLHIV ULVN
DWWLWXGHV WUDGHRIIV SUHIHUHQFHV HWF QHFHVVDU\ DQGRU VXIILFLHQW IRU D SDUWLFXODU DFWLRQ WR DULVH  )RU H[DPSOH LI
208   Sean D. Vermillion et al. /  Procedia Computer Science  28 ( 2014 )  204 – 212 
RIVXEMHFWVFKRVH$FWLRQADQG$FWLRQA LVDY10UDWLRQDOFKRLFHRQO\LI WKHGHFLVLRQPDNHULVULVNDYHUVH
WKHQWKDWRIVXEMHFWVPXVWKDYHKDGDULVNDYHUVHDWWLWXGHDVVXPLQJWKH\DUHY10UDWLRQDO
&DVH([DPSOH
7RLOOXVWUDWHWKHXVHRIWKHSURSRVHGUHVHDUFKIUDPHZRUNDQGJDLQLQVLJKWWRWKHTXDOLW\RIGDWDLWSURGXFHVWKLV
VHFWLRQ SUHVHQWV D VWXG\ DLPHG DW LQYHVWLJDWLQJ WKH VXQN FRVW SKHQRPHQRQ LQ V\VWHPV GHFLVLRQ PDNLQJ  7KLV
REMHFWLYH LV V\QRQ\PRXV ZLWK WKH ILUVW JHQHUDO REMHFWLYH VXSSRUWHG E\ WKH IUDPHZRUN GLVFRYHU EHKDYLRUDO
UHJXODULWLHV 7KHVXQNFRVWSKHQRPHQRQLVDEHKDYLRUDO WHQGHQF\ WRFRQWLQXHDQHQGHDYRURQFHDQXQUHFRYHUDEOH
LQYHVWPHQWLQPRQH\HIIRUWRUWLPHKDVEHHQPDGHDVRSSRVHGWRDEDQGRQLQJWKHHQGHDYRU
7KHVWXG\LVFRQFHUQHGZLWKRQO\DVLQJOHHQJLQHHUZKRLVGHVLJQLQJDV\VWHPRUFRPSRQHQW7ZRVFHQDULRVDUH
RILQWHUHVWRQHZLWKDVXQNFRVWFRPSRQHQWDQGRQHZLWKRXWHDFKEHFRPLQJDWUHDWPHQWLQWKHVWXG\7KHVFHQDULR
ZLWK D VXQN FRVW DVNV WKH HQJLQHHU LI WKH\ZDQW WR FRQWLQXH WKHLU RZQ GHVLJQ RU VZLWFK WR D QHZ GHVLJQ KDYLQJ
DOUHDG\VSHQWUHVRXUFHV7KHVFHQDULRZLWKRXWDVXQNFRVWKDVWKHHQJLQHHUFKRRVHEHWZHHQSXUVXLQJRUQRWSXUVXLQJ
GHVLJQ DFWLYLWLHV LQ WKH IDFH RI D VHHPLQJO\ EHWWHU DOWHUQDWLYH SULRU WR H[SHQGLQJ UHVRXUFHV DQG DFWV DV D FRQWURO
WUHDWPHQWXVHGWRJHWDEDVHOLQHRQKRZVXEMHFWVXQGHUVWDQGDQGIRUPXODWHWKHSUREOHP6XEMHFWVDUHUDQGRPL]HG
EHWZHHQWKHWZRWUHDWPHQWVDQGDUHKHUHLQDIWHUUHIHUUHGWRDVSOD\HUV
3.1. Modeling Decisions 
,QERWKVFHQDULRVGHFLVLRQPDNHUVKDYHWKHVDPHDYDLODEOHDFWLRQVFKRRVHDesign 1RUFKRRVHDesign 2
Design 1LVWKHSOD\HU¶VRZQGHVLJQZKLOHDesign 2LVDQDOWHUQDWLYHVD\IURPDQRWKHURUJDQL]DWLRQ6LPLODUO\ERWK
VFHQDULRVKDYHWKHVDPHRXWFRPHVWKHILQDOGHVLJQZKLFKHYHUGHVLJQLVXOWLPDWHO\FKRVHQLVDVXFFHVVDQG
WKHILQDOGHVLJQLVDIDLOXUH+RZHYHUWKHVHRXWFRPHVRFFXUZLWKXQFHUWDLQW\LHZLWKFRQWLQXLQJVXFFHVVRFFXUV
ZLWKSUREDELOLW\pEXWDIWHUDEDQGRQLQJVXFFHVVRFFXUVZLWKSUREDELOLW\q7KHGHFLVLRQVRIWKHVFHQDULRVDUHVKRZQ
LQ )LJXUH   ,Q WKH VXQN FRVW VFHQDULR WKH GHFLVLRQ PDNHU KDV DOUHDG\ H[SHQGHG DQ XQUHFRYHUDEOH DPRXQW RI
UHVRXUFHVRQDesign 1EXWFKRRVLQJWRFRQWLQXHRUVZLWFKWRDesign 2FRVWVWKHVDPHDPRXQWLQUHVRXUFHVWKHUHIRUH
WKHWZRGHFLVLRQVLQ)LJXUHDUHVLPLODU
3.2. Game Design 
,Q JDPH WKH VWRU\ XVHG WR UHSUHVHQW WKH GHFLVLRQV LQ )LJXUH  LV DPDQQHGPLVVLRQ WR0DUV  3OD\HUV FKRRVH
EHWZHHQ WKHLU RZQ FUHZ KDELWDW PRGXOH XVHG WR WUDQVSRUW DVWURQDXWV WR 0DUV DQG DQRWKHU RUJDQL]DWLRQ¶V FUHZ
PRGXOH)RUWKHLURZQGHVLJQSOD\HUVPRYHDURXQGFRPSRQHQWVZLWKWKHJRDORIJURXSLQJOLNHFRORUHGFRPSRQHQWV
LQGHVLJQDWHGDUHDV7KLVDUUDQJHPHQWRIFRPSRQHQWVDIIHFWVWKHRYHUDOOUREXVWQHVVRRIWKHFUHZKDELWDWPRGXOH


)LJXUH$'HFLVLRQLQWKHQRQVXQNFRVWVFHQDULRFRQWUROWUHDWPHQWDQG%GHFLVLRQLQWKHVXQNFRVWVFHQDULRVXQNFRVWWUHDWPHQW
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
)LJXUH6FUHHQVKRWVIURPWKHJDPH$7KHFRQWUROWUHDWPHQWVFUHHQZKHUHSOD\HUVFKRRVHEHWZHHQWZRGHVLJQV%WKHVXQNFRVWWUHDWPHQW
VFUHHQZKHUHSOD\HUVGHVLJQWKHLURZQPRGXOHWKHQEHIRUHEHLQJDVNHGWRZKLFKE\WKHSURPSWLQ&
ZKLFKDIIHFWVWKHSUREDELOLW\RIDVXFFHVVIXOPLVVLRQLHWKHFUHZLVVXFFHVVIXOO\WUDQVSRUWHGWR0DUV
7RDOLJQSOD\HU¶VSUHIHUHQFHVWRYDOXHDVXFFHVVIXOPLVVLRQDQGQRWLQWHQWLRQDOO\DWWHPSWWRJHWDIDLOHGPLVVLRQ
WKH\HDUQDEDGJHZKLFKLVDPHDVXUHRIVXFFHVVWKHAchieverDUFKHW\SHYDOXHV)RXULQWURGXFWRU\OHYHOVDOORZWKH
SOD\HU WR OHDUQ KRZ WKH\ FDQ DIIHFW UREXVWQHVV WKURXJK WKHLU GHVLJQ¶V OD\RXW DQG KRZ UREXVWQHVV DIIHFWV WKH
SUREDELOLW\RIDVXFFHVVIXOPLVVLRQWKHXVHRIWKHVHLQWURGXFWRU\OHYHOVDSSHDOVWRWKHExplorerDUFKHW\SHDVSOD\HUV
PXVWVXFFHVVIXOO\FRPSOHWHWKHVHLQWURGXFWRU\OHYHOVWRPRYHRQWRWKHQH[W$IWHUWKHVHLQWURGXFWRU\OHYHOVSOD\HUV
DUHUDQGRPO\DVVLJQHGWRDWUHDWPHQW
/HYHOV UHSUHVHQWLQJ WKH WZR GLIIHUHQW WUHDWPHQWV DUH VKRZQ LQ )LJXUH   ,Q WKH FRQWURO WUHDWPHQW SOD\HUV DUH
DVNHG XS IURQW WR FKRRVH EHWZHHQ WKH WZR GHVLJQV EXW DUH DOORZHG WR WU\ WR GHVLJQ DPRGXOH  ,Q WKH VXQN FRVW
WUHDWPHQWSOD\HUVKDYHDVHYHQWXUQVWRPD[LPL]HWKHPRGXOH¶VUREXVWQHVVEHIRUHDSURPSWDSSHDUVDVNLQJLIWKH\
ZDQWWRXVHWKHLUODVWWXUQWRHLWKHUFRQWLQXHGHVLJQLQJRUEX\Design 23OD\HUV¶GHFLVLRQVDUHUHFRUGHG
3.3. Normative Analysis 
7KHRQO\IDFWRUGLIIHUHQWLDWLQJEuDQGEuLQWKHGHFLVLRQVLQ)LJXUHDUHWKHSUREDELOLWLHVpDQGqLHLIpq
WKHQEuEu7KHUHIRUHSOD\HUVVKRXOGFKRRVHWKHDFWLRQWKDWOHDGVWRWKHODUJHVWSUREDELOLW\RIVXFFHVV/HWR
EHWKHILQDOUREXVWQHVVRIWKHSOD\HU¶VGHVLJQDQGOHWREHWKHUREXVWQHVVRIWKHJLYHQDOWHUQDWLYH ,QWKHFRQWURO
WUHDWPHQW SOD\HUV VHH WKDW WKHLU GHVLJQ¶V UREXVWQHVV LV ERXQGHG VXFK WKDWR R LH WKH\ FRXOG QHYHU FUHDWH D
GHVLJQZLWKDKLJKHUUREXVWQHVVWKDQWKHSUHVHQWHGDOWHUQDWLYH7KHUHIRUHWKHSOD\HUVKRXOGFKRRVHWRDEDQGRQWKHLU
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
)LJXUH3UHOLPLQDU\UHVXOWVIURPERWKWUHDWPHQWVDQGUHVXOWVIURP.HLOet al.>@VXQNFRVWVXUYH\
RZQGHVLJQDFWLYLWLHV LQIDYRURI WKHJLYHQDOWHUQDWLYHVLQFH  R R       3U _ 3U _Success R Success R R    ,Q
WKHVXQNFRVWWUHDWPHQWWKHSOD\HUGHYHORSVDEHOLHIRQZKDWWKHILQDOUREXVWQHVVRIDesign 1FRXOGEHLQWKHLUODVW
GHVLJQURXQG7KHJDPHOHDGVWKHSOD\HUWREHOLHYHWKDW   3U R R! # WKHUHIRUHRRZLWKQHDUFHUWDLQW\DQG
SOD\HUV LQ WKLV WUHDWPHQW DUH H[SHFWHG WR FKRRVH WR DEDQGRQ WKHLU RZQ GHVLJQ DFWLYLWLHV MXVW DV LQ WKH FRQWURO
WUHDWPHQW
3.4. Preliminary Results 
3OD\HUVZHUHVDPSOHGIURPDJHQHUDOXQGHUJUDGXDWHVXEMHFWSRRODW7H[DV$	08QLYHUVLW\ZLWKn LQ WKH
FRQWUROWUHDWPHQWDQGn LQWKHVXQNFRVWWUHDWPHQW5HVXOWVDUHVKRZQLQ)LJ7KURXJKDFKLVTXDUHGWHVW
GHVLJQ FKRLFH LV LQGHSHQGHQW RI WUHDWPHQW p !  DQG WKURXJK FRQILGHQFH LQWHUYDOV SOD\HUV WHQG WR FKRRVH
Design 2Į WKHGHVLJQH[SHFWHGWREHFKRVHQJLYHQWKHQRUPDWLYHDQDO\VLVRIWKHGHFLVLRQVDQGDVVXFKDUH
H[SHFWHGWRKDYHKDGWKHEHOLHIVGHVFULEHGLQ6HFWLRQ.HLOet al.>@SUHVHQWDVXUYH\ZLWKDVFHQDULRVLPLODUWR
WKDWRIWKHJDPHDQGWKHLUUHVXOWVVKRZH[SOLFLWO\GHILQLQJDQDOWHUQDWLYHKDVDPRGHUDWLQJHIIHFWRQWKHVXQNFRVW
SKHQRPHQRQWKHVHVXUYH\UHVXOWVFRUURERUDWHWKHUHVXOWVRIWKHJDPHp!
7RHQVXUHWKHUREXVWQHVVRIDesign 1ZKLFKLVXQLTXHWRHDFKSOD\HUKDVQRHIIHFWRQGHFLVLRQPDNLQJRYDOXHV
DUH FRPSDUHG EHWZHHQ WKRVHZKR FKRVHDesign 1 DQGDesign 2 LQ HDFK WUHDWPHQW $ WWHVW LV XVHG WR FRPSDUH
PHDQV,QWKH6XQN&RVWWUHDWPHQWWKHUHLVQRHYLGHQFHWKDWWKHPHDQRYDOXHRIWKRVHWKDWFKRVHDesign 1GLIIHUV
IURPWKHPHDQRIWKRVHWKDWFKRVHDesign 2p!7KHUHVXOWVDUHVLPLODUIRUWKH&RQWUROWUHDWPHQWp!
7KHUHIRUHWKHUHLVQRHYLGHQFHWKDWWKHUREXVWQHVVRIDesign 1LQIOXHQFHVGHFLVLRQPDNLQJLQWKHSOD\HUV



)LJXUH%R[SORWVVKRZLQJWKHVLPLODULWLHVLQRYDOXHVEHWZHHQWKRVHWKDWFKRVHDesign 1DQGDesign 2LQ$WKH6XQN&RVW7UHDWPHQWDQG%
WKH&RQWUROWUHDWPHQW
 

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'LVFXVVLRQDQG&RQFOXVLRQV
7KHSUHOLPLQDU\UHVXOWVRIWKHLOOXVWUDWLYHJDPHLQ6HFWLRQDUHFRPSDUHGWRVXUYH\UHVXOWVIRXQGLQWKHOLWHUDWXUH
WRJDLQ LQVLJKW LQWR WKHYLDELOLW\RIJDPLQJDVDPHFKDQLVPIRUH[SHULPHQWDWLRQ *LYHQ WKDWVXUYH\UHVXOWVPDWFK
JDPHUHVXOWVRQHPD\DVNZK\XVHDJDPHWKDWFDQEHFRVWO\WRGHVLJQDQGLPSOHPHQWLQVWHDGRIDVXUYH\",QWKH
FDVHRI WKH LOOXVWUDWLYH VWXG\ D VXUYH\ZRXOGEHPRUH HIILFLHQWEXW LQ VWXGLHV WKDW LQYROYH LQWHUDFWLRQ DPRQJVW D
ODUJHQXPEHURIVXEMHFWVVXUYH\VDUHLQDGHTXDWH'HVLJQLQJDQGUXQQLQJDJDPHWKDWFDQEHFRPSDUHGWRDVXUYH\
RIIHUVDTXLFNDQGHIILFLHQWZD\WRJDLQLQVLJKWDQGGHWHUPLQHLIJDPLQJKDVSRWHQWLDOPRYLQJIRUZDUG
6WXGLHV LQYROYLQJ ODUJHQXPEHUVRI LQWHUDFWLQJGHFLVLRQPDNHUVDUHRISULPDU\ LQWHUHVW WR V\VWHPV HQJLQHHULQJ
UHVHDUFK,WLVLQWXLWLYHWKDWLPSOHPHQWLQJDJDPHIRUDVWXG\LQYROYLQJLQWHUDFWLRQRIDODUJHQXPEHURIVXEMHFWVFDQ
EHPRUH HIILFLHQW WKDQRWKHU DYDLODEOHPRGHV RI H[SHULPHQWDWLRQ *DPHGHVLJQ WRROV DUH HYROYLQJ WR DOORZQRQ
JDPHGHVLJQH[SHUWVWRTXLFNO\DQGPHDQLQJIXOO\PDNHJDPHVDQGGLVWULEXWHWKHPRQWKHLQWHUQHW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